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Abstract

Background: As complete prevention of postoperative pancreatic fistula (POPF) after
pancreatic surgery remains difficult, many risk factors of clinically relevant POPF (CR-
POPF) have been reported. However, their clinical impact could be limited because all
previous reports included patients without biochemical leakage (BL) that rarely
developed to CR-POPF. Therefore, a new strategy for identifying high-risk patients who
develop delayed complications from patients with confirmed BL and for implementing
interventions for such patients in the early postoperative period is required. This study
aimed to examine the role of fistulography in predicting CR-POPF from confirmed BL.
Methods: Consecutive patients diagnosed with BL on postoperative day 3 after
pancreaticoduodenectomy (PD) or distal pancreatectomy (DP) from January 2013 to
June 2015 in our institution were included. Fistulography was performed 1 week after
the operation, and the associations between findings on fistulography and delayed
complications associated with POPF were evaluated.

Results: Eighty-four (37%) of 227 patients who underwent PD and 45 (48%) of 94
patients who underwent DP were included and divided to two groups according to
fistulographic findings (simple type, n=107, 83%; cavity type, n=22, 17%). The latter
finding was associated with a greater morbidity rate (Clavien-Dindo grade >2: 36% vs
59%, p=0.018) and a worse final POPF grade (B/C 64% vs 95%, p=0.003). In the
multivariate analysis, cavity type on fistulography was a significant predictive factor for
grade B/C POPF.

Conclusions: Fistulography is a useful examination for identifying patients with a high-

risk of developing delayed complications associated with POPF.
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Introduction

With improvements in perioperative surgical and medical management,
postoperative mortality rates for pancreatectomy have greatly decreased [1, 2].
However, postoperative morbidity remains high, and postoperative pancreatic fistula
(POPF) remains a difficult complication of pancreatic surgery. Despite many proposed
interventions to prevent leakage from pancreatic anastomosis or the resection stump, the
incidence of pancreatic leakage including biochemical leakage (BL) and clinically
relevant postoperative pancreatic fistula (CR-POPF) remains high (38%-50%) [3, 4].

Although most patients with BL can recover uneventfully as long as the
leaked pancreatic fluid is adequately drained, some can develop CR-POPF with serious
complications, such as abscess and life-threatening arterial bleeding [5-7]. Patients with
CR-POPF had prolonged length of hospital stay (LOS) and increased incidence of
readmission, which were associated with increased medical cost and might hamper the
induction of subsequent therapy [4, 8, 9]. Moreover, readmission was reported to be
associated with higher 90-day mortality rates [10, 11] and poor long-term survival rate
from malignant disease [12]. Therefore, to mitigate the clinical effect of currently
unpreventable POPF, identifying patients with a high risk of developing serious
consequences as early as possible is important. Although many risk factors of CR-POPF
have been reported [13, 14], they could have limited clinical impact in postoperative
management because their studies included patients without BL that rarely develop to
CR-POPF. To be more effective, risk factors of CR-POPF are desirable to be determined
among patients who were already confirmed to have BL.

Fistulography is an effective diagnostic and therapeutic intervention for POPF

[15-17]. This technique is a noninvasive, cheap, and readily available dynamic
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diagnostic test. Faccioli et al. reported that fistulography helped in confirming clinically
suspected POPF and in detecting drain migration into intraluminal position [17]. In our
institution, we perform fistulography routinely on a weekly basis for patients with BL to
evaluate leakage. Herein, we hypothesized that fistulography is useful for predicting the
risks of late complication associated with POPF in the early phase of the postoperative
period. This study aimed to examine the role of fistulography in predicting CR-POPF in

patients with confirmed BL.

Materials and Methods
Patients and Diagnosis of POPF

We retrospectively analyzed the medical records of our patients who
underwent pancreaticoduodenectomy (PD) or distal pancreatectomy (DP) from January
2013 to June 2015 at the Cancer Institution Hospital of the Japanese Foundation for
Cancer Research, Tokyo, Japan. All operations were performed or supervised by A.S. or
Y.T. Patients who underwent total pancreatectomy, middle pancreatectomy, or
enucleation were excluded. Fistulography was performed 1 week after operation in
patients diagnosed with BL on postoperative day (POD) 3 according to the International
Study Group of Pancreatic Fistula (ISGPF) definition [5]. The data retrieved from the
medical records included patients’ demographics, diagnosis for pancreatectomy,
postoperative laboratory test results, findings of fistulography, and postoperative
complications. The overall incidence, severity, morbidity, and mortality of POPF were
evaluated for 90 days after the index operation. This study was approved by the

Institutional Review Board (2016-1072).
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Operative Procedure and Postoperative Management

The details of the PD were described previously [18]. Pancreatic anastomosis
was performed by standard duct-to-mucosal, end-to-side pancreaticojejunostomy. An
external plastic stent was routinely placed over the anastomosis, and one or two closed
drain(s) with a diameter of § mm were placed depending on the operator’s decision. The
first drain was placed through the foramen of Winslow, and an additional drain was
sometimes placed at the superior edge of the pancreaticojejunostomy. The details of the
DP were also described previously [19]. The pancreas was typically transected with a
staple device, and the main pancreatic duct was over-sewn if possible. A single closed
suction drain with a diameter of 8 mm was placed near the stump of the remnant
pancreas. Patients were discharged home when all drains were removed and they had

stable general conditions and sufficient oral intake.

Drain Management and Inclusion Criteria of Fistulography

The drain managements were not different between PD and DP. The drainage
fluid was sent to the laboratory, and amylase levels were measured daily from POD 1.
The drain was removed on POD 4 if the amylase levels in the drainage fluid on POD 3
were within three times the upper limit of normal serum amylase values. Otherwise, the
drain was kept in place and managed conservatively. The drains were maintained on
closed suction unless the drainage output was contaminated. Drainage output was
cultured weekly, which helped in the administration of appropriate antibiotics when the
patient had signs of infection. The amount of drain output was assessed every day, and
fistulography was routinely performed at POD 7 and repeated weekly. The drains were

removed when the drain output was completely dried up and the fistula tract was
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confirmed to have no residual space by fistulography. When the patient developed fever
or other signs of infection, abdominal computed tomography (CT) was performed to
rule out an intra-abdominal abscess. Parenteral antibiotics and percutaneous additional

drain placement were considered in case of an undrained abscess.

Procedure of Fistulography

All fistulographies were performed by surgical teams in the radiology suite.
The drain was pulled over the guide wire and 3—5 mL of water-soluble contrast
(Urografin®; Beyer, Osaka, Japan) was gently injected into the fistula tract via a smaller
catheter (7-Fr Atom versatile tube®; Atom Medical, Saitama, Japan) under fluoroscopy.
Following tract visualization, the extent of the fistula was determined using a low
pressure of contrast medium. A soft drain (8-Fr Phycon Oxygen Cathetel®; Fuji
Systems, Tokyo, Japan) was placed over the guide wire into the same position as the
initial drain. The location of the pancreatic anastomosis and cut-edge was detected by
the change in the diameter of the pancreatic stent or staple. The weekly routine
fistulography was not accounted as an interventional procedure because it was only for
the assessment of the fistula. Additional fistulography and repositioning of drains in
patients with any sign of infection such as fever or elevated inflammation response were

accounted as percutaneous intervention therapy.

Classification of Findings on Fistulography
The injected contrast medium filled the tract around the drain, and we
evaluated the extent of the fistula cavity near the pancreatic anastomosis or stump.

Based on the findings of fistulography, the fistula was classified into two types: simple
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and cavity. Figure 1 shows the representative fistulographic images for these two types.
The simple type was defined as a mature tract with or without minimal spillage of
contrast medium around it (Figure 1a and b). The cavity type was defined as immature

pooling of contrast medium outside of the drainage tract (Figure 1c and d).

Statistical Analysis

Data are shown as frequencies with percentages or median with ranges.
Categorical variables were compared by the chi-square test and continuous variables
were compared using the Mann-Whitney U test. Variables with p<0.1 were entered into
the logistic regression analysis. A p value <0.05 was considered statistically significant.
All analyses were performed using SPSS Statistics version 22 (IBM, Armonk, NY,

USA).

Results
Demographics of Patients with POPF

Among 321 consecutive pancreatectomies (227 PDs and 94 DPs), 129
patients (40%; after PD, 84 patients [37%]; after DP, 45 patients [48%]) had BL on
POD 3. The demographics of the patients are shown in Table 1. Among patients who
underwent PD, 28 (12%) were diagnosed with BL, 55 (24%) with grade B POPF, and 1
(0.4%) with grade C POPF. Among 55 patients with grade B POPF, 31 (56%) received
prolonged drain placement only, 24 (44%) received pharmacologic treatment with or
without prolonged drain placement, and 14 (25%) received interventional therapy
including drain repositioning. After DP, 12 patients (13%) were diagnosed with BL, 32

patients (34%) with grade B POPF, and 1 patient (1.1%) with grade C POPF. Among 32
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patients with grade B POPF, 18 (56%) received prolonged drain placement only, 14
(44%) received pharmacologic treatment, and 6 (19%) received interventional therapy
including endoscopic nasopancreatic drain. Overall, 10 patients (3.1%) required
additional percutaneous or operative interventions for POPF-related intraabdominal
abscess or bleeding. Pseudoaneurysm occurred in one patient and angiographically
embolized. No patient died from POPF-associated complications. Although pancreatic
cancer was the most common indication for pancreatectomy (64 patients, 50%), the

majority had soft glands and a small main pancreatic duct (<3 mm).

Comparison of the Cavity and Simple Types of POPF in Initial Fistulography

Initial fistulography was obtained on approximately POD 7 (4-11 days).
Fistulography successfully showed the image in all cases, and no fistulography-related
complication occurred. Among 84 patients who underwent PD, 72 (86%) were
classified as simple type and 12 (14%) as cavity type based on the initial fistulographic
findings. After DP, 10 patients (22%) were classified as simple type and 35 patients
(78%) as cavity type based on the initial fistulographic findings. The characteristics of
patients with each type are shown in Table 2. The connection between drain and
pancreatic duct was not shown in any of the cases. The drain fluid was amylase-rich
(median, 1190 IU/L) despite fistulographic findings of a simple tract without any
spillage to the pancreatic anastomosis or pancreatic stump (Figure 1a). All drains were
removed after fistulographic confirmation of a matured tract regardless of the initial
fistulographic findings.

All patients who had cavity type after PD developed CR-POPF, whereas

among those who had cavity type after DP, 9 (90%) developed CR-POPF (p=0.455).
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Patients with cavity-type leakage developed severe complications associated with POPF
significantly more frequently than those with simple-type leakage with regard to abscess
treated with a percutaneous drain (p=0.002). When the quality metrics for the entire
hospital course of those patients were compared, patients with cavity-type leakage had
more complications of Clavien-Dindo >grade 2 (p=0.018) and longer postoperative
hospital stay (»p=0.006) than those with simple-type leakage. The incidence of
reoperation or 90-day mortality was not significantly different between the two groups

(both p=1.000).

Risk Factors of Grade B/C POPF

We evaluated the risk factors associated with POPF-associated late (after
POD 7) complications in patients with amylase-rich drainage output on POD 3. One
patient with simple-type leakage who received antibiotics therapy before POD 7 due to
pancreatic leakage—associated abscess was included. The univariate analysis showed
that male sex, C-reactive protein levels on POD 7 >6 mg/dL, and cavity type by
fistulography on POD 7 were associated with a final grade of B or C for the
classification of the severity of fistulas (Table 3). In the multivariate analysis, male sex
and cavity-type findings on initial fistulography remained significant risk factors (Table

4).

Discussion
We investigated the role of fistulography in predicting the risk of developing
severe late complications related to pancreatic fistula, and results showed that if

fistulography reveals a cavity-type leakage on POD 7, the patient has 13 times greater
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chance of developing complications associated with POPF in the later recovery course
from pancreatic surgery.

Although risk factors for CR-POPF have been reported, they had limited
clinical impact on outpatient management of pancreatic leakage. Callery et al. [14]
proposed the Fistula Risk Score for predicting the risk of CR-POPF after PD. This score
is based on multiple factors, including gland texture, pathology of the disease, the
pancreatic duct, and intraoperative blood loss, and has validated predictive ability using
independent prospective data from multiple centers. However, its value in predicting the
development from BL to CR-POPF might be limited, because most patients who
develop CR-POPF have a soft gland and small pancreatic duct, similar to our cohort.
Moreover, a large study from Western countries could not develop a risk score model
after DP, which also supported the difficulty in predicting the risk of CR-POPF among
patients who had pancreatic remnant with soft gland texture [13]. Actually, established
risk factors such as high Fistula Risk Score and high amylase value in drains were not
significant in the present study.

Conversely, fistulographic findings in the early phase after operation were the
strongest predictor for delayed complications for patients with already confirmed BL
regardless of the type of procedure. Thus, we can modify the clinical pathway according
to the fistulographic findings, resulting in decreased LOS and readmission rate. It is
currently difficult to determine the optimal timing for discharge. In Japan, conservative
management prolongs LOS to avoid severe complication associated with CR-POPF [20]
because mortality rate as high as 5%-13% was reported in patients with CR-POPF [4,
21]. Meanwhile, developing CR-POPF was the main reason for 30-day readmissions in

Western countries [10] and the high readmission rate in patients who were discharged
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with drain placement for pancreatic leakage, suggesting difficulty in outpatient
management [22]. According to our results, we recommend that patients with simple-
type leakage can be discharged with drains if they are clinically stable, whereas patients
with the cavity-type leakage should stay longer in the hospital for close monitoring or
have more intensive follow-ups in the clinic if they are discharged with the drain. This
strategy could shorten the LOS in Japan without the risk of life-threatening
complications associated with CR-POPF and decrease the readmission rate in Western
counties by preventing delayed diagnosis of complications without prolonged length of
stay [4].

Although CT is used for routine examination after pancreatectomy in several
institutions [23, 24], fistulography has some advantages. First, fistulography could show
the space where no fluid has pooled, whereas CT shows fluid collection. Fistulography
retrogradely visualizes the maturation of pancreatic leakage, which is affected by
factors such as degree of leakage, patients’ systemic conditions, and infection. Simple-
type leakage would be revealed when the leakage is mature, whereas cavity-type
leakage would be revealed when the leakage was immature. Patients with cavity-type
leakage possibly develop CR-POPF because immature leakage likely enlarges its area in
the late phase after pancreatectomy, resulting in inadequate drainage or infection.
Meanwhile, CT detects fluid collection, making it difficult to detect leakage maturation
among patients with well-functioning drainage. Second, CT is inferior to fistulography
as a routine examination from the viewpoint of cost and radiation exposure [25]. The
possibility that fistulography itself could cause or contribute to CR-POPF development
is low, because no fistulography-related complication occurred and the rate of patients

who required pharmacologic or interventional therapy was similar with that of a
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previous report [4]. Such treatments were provided in 42 (13.1%) of 321 patients who
underwent PD or DP in this study period, whereas Maggino reported a rate of 13.2% in
a large multicenter study [4].

Male sex was also identified as an independent risk factor to grade B/C POPF
in our study. One possible reason for this unexpected finding is that male sex was a
surrogate indicator of a fatty pancreas which has been reported to influences the risk of
POPF in a previous study [26].

The present study has some limitations. First, this was a single-institution
retrospective study, and prospective data would be needed to validate whether our
classification could predict CR-POPF among patients with confirmed BL and whether
postoperative management based on our fistula classification could decrease LOS
without increasing readmission rate. Some established risk factors for POPF such as
soft remnant pancreas and high amylase value in drain were not significant in our
analysis, which might be due to the low number of patients. Nevertheless, the present
study demonstrated the strong impact of fistulography in predicting grade B/C POPF.
Knowing the initial fistulographic result might prolong the duration of drain placement
and hospital stay. However, our objective criteria in drain removal minimized the
subjective bias. Second, we had a higher CR-POPF rate compared with Western
countries [3, 27]. Our strict policy of drain management using fistulography prolonged
the length of drain placement, which makes POPF severity grade, based on ISGPF
classification, appear worse. However, more than half of our patients with grade B
POPF did not require any medical intervention other than prolonged drain placement,
which resulted in less severe complications, as reported in a recent study [4]. Lastly,

there is a technical caveat for the effective use of fistulography: placing the drainage
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tube with its tip as closely as possible to the pancreatic anastomosis or stump for
effective drainage and keeping the tract as short and straight as possible for later
manipulation over fistulography are critical. If the drain placed is steeply curved or
coiled intraperitoneally, reinsertion of the tube over the guide wire after fistulography
may be difficult or impossible. Besides, insertion of a tube over the guide wire can be
easily carried out by surgeons, unlike percutaneous puncture or placement of new drain
[28]. Therefore, we recommend to routinely perform fistulography in patients with BL
because of its excellent prediction ability of developing CR-POPF. The diagnostic
application of fistulography might be limited in cases with postoperative encapsulated
pseudocyst and/or if drains are placed far from the pancreatic anastomosis or stump. In
such situations, fistulography might incorrectly show simple-type leakage despite the
presence of severe pancreatic leakage. The misdiagnosis as simple-type may explain the
high rate of grade B/C POPF in simple-type. Therefore, follow-up is required even if
patients who were diagnosed as simple-type, and work-up should be performed when
they had any signs of infection.

In conclusion, fistulography is a useful examination for managing pancreatic
leakage. Our novel classification based on the findings of fistulography on POD 7 can
effectively predict patients with a high risk of developing later complications and guide

management to mitigate the consequences of those complications.
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Table 1. Comparison of patients’ characteristics based on the type of leakage (cavity

and simple)

Variable Cavity type Simple type (n=107) p Value
(n=22)
Patient factor
Male 14 (64) 67 (63) 0.928
Age 70 [40-83] 66 [34-87] 0.281
BMI (kg/m?) 23.3[19.1-28.0] 22.7[16.2-32.0] 0.273
DM 3(14) 28 (26) 0.210
Diagnosis
Pancreatic cancer 8 (36) 59 (55) 0.108
Periampullary cancer 1(5) 7(7)
Distal bile duct cancer 3 (14) 11 (10)
Duodenal cancer 3 (14) 11 (10)
IPMN 3(14) 9(8)
Other 4 (18) 10 (9)
Operative findings
PD 12 (55) 72 (67) 0.253
Soft pancreas 20 (91) 92 (86) 0.736
MPD <3 mm 20 (91) 71 (66) 0.052
Operation time (min) 475 [202-620] 463 [174-780] 0.531
Bleeding (mL) 395 [60-1300] 530 [20-2530] 0.143
Adjacent organ resection® 8 (36) 43 (40) 0.738
Fistula Risk Score®
Intermediate or high 12 (100) 64 (86) 0.344

Values are number (percentage) or median [range].

#Including portal vein, celiac axis, gastric, colon, and adrenal.

® Including only patients who underwent PD.

BMI, body mass index; DM, diabetes mellitus; PD, pancreaticoduodenectomy; MPD,

main pancreatic duct.
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Table 2. Comparison of postoperative findings between patients based on the type of leakage (cavity

and simple)

Variable Cavity type (n=22) Simple type (n=107) p Value
Drain
Amylase value on POD 1 (IU/L) 5225 [998-60,000] 2771 [21-60,000] 0.023
Amylase value on POD 3 (IU/L) 4258 [144-60,000] 1223 [20-52,319] 0.003
Amylase value on POD 7 (IU/L) 1914 [21-60,000] 1243 [27-60,000] 0.215
Fluid output on POD 7 (mL) 50 [3-920] 30 [3-1300] 0.223
Findings on POD 7
Albumin (g/dL) 2.8[2.1-3.9] 2.9[2.2-3.8] 0.383
Prealbumin (mg/dL) 11.8 [6.6-18.8] 13.5[3.3-27.2] 0.020
WBC (/mm?*) 9300 [5700-15,900] 7900 [3200-15,600] 0.062
CRP (mg/dL) 7.412.1-23.0] 5.810.0-20.7] 0.020
Drain culture (positive for bacteria) 3 (14) 33) 0.062
Postoperative course
Antibiotics 13 (59) 27 (25) 0.002
Percutaneous drainage® 9 (46) 11 (14) 0.002
Pseudoaneurysm 0(0) 1(1) 1.000
Endoscopic nasopancreatic drain 1(%) 1(1) 0.313
Reoperation for POPF 0(0) 2(2) 1.000
Drain in place >3 weeks 8 (36) 41 (38) 0.863
Final grade B/C 21 (95) 68 (64) 0.003
Overall morbidity® 14 (64) 39 (36) 0.018
Overall mortality 0(0) 1 (1) 1.000
Length of drain placement (days) 34 [12-171] 25 [7-86] <0.001
Length of hospital stay (days) 39 [23-89] 31 [4-106] 0.006

Values are number (percentage) or median [range].

#Including repositioning of drain.
b Clavien-Dindo grade >2.

POD, postoperative day; WBC, white blood cell; CRP, C-reactive protein; POPF, postoperative

pancreatic fistula.
1
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Table 3. Univariate analysis of risk factors for pancreatic fistula grade B/C

Pancreatic fistula

Variable - -
Biochemical leakage (n=40) Grade B/C (n=89) p Value
Patient factor
Sex (male) 19 (48) 62 (70) 0.016
Age (=65 years) 20 (50) 57 (64) 0.133
BMI (>25 kg/m?) 5(13) 22 (25) 0.115
DM (yes) 12 (30) 19 (21) 0.287
Pancreatic cancer (yes) 21 (53) 48 (54) 0.880
Operative findings
Procedure (PD) 12 (30) 33 (37) 0.435
Pancreas texture (soft) 34 (85) 78 (88) 0.682
MPD (<3 mm) 25 (63) 66 (74) 0.133
Operation time (>480 min) 18 (45) 37 (42) 0.716
Bleeding (>1000 mL) 6 (15) 15(17) 0.792
Amylase value in drain
POD 1 (>5000 IU/L) 10 (25) 34 (38) 0.132
POD 3 (>5000 IU/L) 8 (20) 21 (24) 0.628
POD 7 (>5000 IU/L) 9(23) 17 (19) 0.489
Findings on POD 7
Albumin (<2.8 g/dL) 15 (38) 29 (33) 0.586
Prealbumin (<15 mg/dL) 25 (63) 57 (64) 0.747
WBC (>9000/mm?) 13 (33) 40 (45) 0.184
CRP (>6 mg/dL) 14 (35) 50 (56) 0.026
Drain culture (positive for bacteria) 0(0) 6 (7) 0.176
Fistulography (cavity type) 1(3) 21 (24) 0.003

Values are number (percentage).
BMI, body mass index; DM, diabetes mellitus; PD, pancreaticoduodenectomy; MPD, main pancreatic duct; POD,

postoperative day; WBC, white blood cell; CRP, C-reactive protein.
1



Table 4. Multivariate analysis of risk factors for pancreatic fistula grade B/C

Odds ratio 95% CI p Value
Male 2.7 (1.2-6.0) 0.015
Cavity type in fistulography 12.9 (1.6-101.6) 0.015

Values in parentheses are 95% confidence intervals.
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Figure legend

Fig. 1 Classification of fistulography

a. Simple type of fistula after distal pancreatectomy. Fistulography shows only a simple
tract. The contrast medium did not expand at the cut-edge of the pancreas.

b. Simple type of fistula after pancreaticoduodenectomy. Fistulography shows a simple
tract with a small amount of outflow of contrast medium near the
pancreaticojejunostomy.

c. Cavity type of fistula after distal pancreatectomy. Fistulography shows pooling of
contrast medium at the cut-edge of the pancreas.

d. Cavity type of fistula after pancreaticoduodenectomy. Fistulography shows pooling

of contrast medium at the cut-edge of the pancreas.
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